Nanoscale surface patterning commonly used to increase absorption of solar cells can adversely impact the open-circuit voltage due to increased surface area and recombination.
Introduction

Global
30
Another promising approach to increase light absorption in solar cells is based on exciting and coupling to optical resonance modes using spherical resonators. 21 
Results and Discussion
We present a scalable ARC for photovoltaics using SiO2 nanosphere arrays atop a Fig. 2b) . With the SiO2 nanospheres, improved EQE is observed over the entire wavelengths where the measurement is made (λ = 450 nm to 890 nm).
Broadband absorptivity enhancements observed at wavelengths of ≈ 500 nm and ≈ 670 nm in Fig. 1 improve the number of photo-generated electron-hole pairs in the GaAs solar cell, and the measured EQE also confirms the broadband enhanced features at those wavelengths.
However, as in macroscale optical measurements (Fig. 1a) . 1a and Fig. 2b ).
In Fig. 3 , we also account for the incomplete surface coverage of the real sample (70 %) averaging the contributions of the ARC area (70 %) and of the bare GaAs (30 %). Despite the spectral spreading, the absorptivity of a non-uniform nanosphere arrays with 100 % surface coverage averaged over the spectrum is nearly equal to that obtained with close-packed 700 nm SiO2 nanosphere arrays, which shows the conservation of total absorptivity enhancements (see Table 1 Fig. 1b and d) , local photocurrent enhancement is ≈ 13 %. This value of the enhancement is smaller than the one predicted in Fig. 1b due to the variation in the diameter of neighboring nanospheres with the enhancement peak becoming broader. We also observe another resonant peak originated from the whispering gallery-like mode at a wavelength of 794 nm (number 2 in Fig. 1b and d) , which is slightly off the calculation in Fig. 1 (λ = 798 nm) . At a wavelength of 850 nm (offresonance, number 3 in Fig. 1b and d) where no absorptivity enhancement is observed, no photocurrent enhancement is seen in the local measurements, as expected.
Conclusion
In Diameters of numbered nanospheres in (a) are as follows: ≈ 700 nm, 750 nm, 700 nm, 730 nm, 750 nm, 750 nm, from 1 to 6, respectively. FDTD-calculated normalized electric field intensity profiles (|E| 2 ) at an interface between a SiO2 nanosphere and a GaAs substrate at (e) whispering gallery-like mode excitation (λ = 635 nm, number 1 in Fig. 1 ) and (f) offresonance (λ = 850 nm, number 3 in Fig. 1 ). In FDTD calculations, to mimic the NSOM illumination, a point dipole source is used atop the SiO2 nanosphere. White-dotted lines represent the circumference of the 700 nm SiO2 nanosphere. All scale bars are 500 nm. SiO2 nanosphere patch where the measurement is conducted is marked with a white-dotted circle in the SEM image (inset). Scale bar is 2 µm. Light from a tunable laser is injected via an optical fiber attached to an NSOM probe, and measurement is taken while the NSOM probe is positioned atop the white-dotted circle. Inset schematic (not to scale) describes how the measurement is made. In the data, both broadband and narrowband enhancements are observed. Resonances (number 1 and 2 in Fig. 1 and Fig. 4 ) and off-resonance (number 3 in Fig. 1 and Fig. 4 ) are marked correspondingly, as is the broadband enhancement feature that is similar to the effect of a thin-film ARC. 
